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Claims 

1. A positive photosensitive composition characterized by 
the fact that at least one of dibenzylidene acetone derivatives 
represented by the following general formula (I) is blended in 
the positive photoresist (in formula (I), Rj-Rj are selected from 
hydrogen, halogen atoms, amino groups, dialkylamino groups, aryl 
groups, alkyl groups, aralkyl groups, alkoxy groups, hydroxy 
groups, nitro groups and cyano groups). 




2. A photosensitive composition characterized by the fact 
that, in the positive photosensitive composition described in 
Claim l, the amount of blending of the dibenzylidene acetone 
derivatives described previously has a value in the range of 
O.l-io wt% with respect to the solid content of the positive 
photoresist mentioned previously. 

Detailed explan ation of the invention 

Industrial application field 

The present invention relates to a positive photosensitive 
composition appropriate for use during the pattern formation on a 
high-reflectivity base, in particular, it relates to a positive 
photosensitive composition capable of the formation of a pattern 
of the desired dimensions during the pattern formation on a 
high-reflectivity base by using the light of the intermediate 
wavelength zone (light called mid-ultraviolet light) or 
far-ultraviolet light represented by the light of infrared rays 
(wavelength 365 mm) or XeCl excimer laser rays (wavelength 
308 nm) . 

Conventional technology 

With the increased integration and the increased speed of 
the semiconductor apparatus, requirements for the microfine 
processing technology used in its manufacture have been 
increasingly stringent. Among the microfine processing 
technologies, in particular, the resist process technology is a 



basic technology in progress for the manufacture of the 
semiconductor apparatus. Therefore, it is necessary that a 
resist pattern of the desired dimensions can be obtained. 

However, in the manufacture of the semiconductor apparatus, 
photolithography and etching are repeated several times for the 
semiconductor substrate. Therefore, it is necessary to carry 
out, in sequence, the formation of the film for the next layers 
on the bottom layer with the formation of the stage differential 
caused by the semiconductor element formation and the formation 
of a desired resist pattern on this film (the base). Here, since 
it is difficult to uniformly form the photoresist film thickness 
on the base with the existence of the stage differential, 
high-precision patterning is difficult. Furthermore, if this 
base iis made of a high-reflectivity material (for example, 
aluminum or tungsten polys ide [transliteration] and other 
metallic materials) , the poor resolution (halation) of the resist 
pattern occurs due to the reflection from the stage differential 
side surface of the exposing light. High-precision patterning is 
increasingly difficult. 

Therefore, to decrease the effect of halation in the case of 
the formation of a resist pattern on the high-reflectivity base, 
the blending of a dye with strong properties in the absorption of 
the exposing light in the photoresist has been carried out (for 
example, Japanese Kokai Patent Application No. 
Sho 63[1988]-136040) . 



Problems to be solved by the invention 



However, conventionally, most of the materials shown as dye 
blended in the photoresist are those for gamma ray (wavelength 
435.8 run) use. There has been a problem in which a dye is not 
disclosed, that is capable of the prevention of halation due to 
the reflection from the high-reflectivity base in 
photolithography using infrared rays or photolithography using 
XeCl excimer laser rays or other mid-ultraviolet rays. 

The objective of the present invention is to provide a 
photosensitive composition that is capable of the formation of a 
desired resist pattern on a high-reflectivity base in 
photolithography using infrared rays or photolithography using 
XeCl excimer laser rays or other mid-ultraviolet rays, in order 
to solve the problem described previously. 



Means to solve the problems 



In an attempt to achieve this objective, the inventors 
related to this patent application have accumulated zealous 
investigations on various compounds. By focusing on 
dibenzylidene acetone derivatives used conventionally as ligands, 
the present invention has been accomplished. 

Therefore, the positive photosensitive composition of the 
present invention is characterized by the fact that at least one 
dibenzylidene acetone derivative represented by the following 
general formula (I) is blended in the positive photoresist (in 
the formula (I), R,-^ are selected from hydrogen, halogen atoms, 



amino groups, dialkylamino groups, aryl groups, alkyl groups, 
aralkyl groups, alkoxy groups, hydroxy groups, nitro groups and 
cyano groups) . 

o 




As specific examples of the dibenzylidene acetone 
derivatives referred here, for example, those represented by 
formulas (1)-(12) in the following can be mentioned. However, 
they are not restricted to these. 




COU) 



(2) 




o -<3) 



H.C0 



-(4) 




OCM, 




The substances shown in formulas (1)-(12) can be synthesized 
by the simultaneous addition of 2 E of a benzaldehyde derivative 
corresponding to 1 E of acetone into an aqueous alkali solution 
(such as NaOH, KOH, etc.), followed by vigorous stirring at room 
temperature (the so-called Aldol condensation reaction) . The 
synthesized product obtained is generally precipitated as yellow 
crystals. This can be filtered off. By recrystallization with 
ethanol or other alcohol solvents, this can be purified. 
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The absorption peak value of the dibenzylidene acetone 
derivative shown in the general formula (I) varies with the type 
of substituent group of the benzaldehyde derivative. If the 
substituent group is an electron-donating one, it will shift to a 
longer wavelength side. If the substituent group is an electron- 
withdrawing one, it will shift to the shorter wavelength side. 

Furthermore, as the positive resists which can blend the 
dibenzylidene acetone derivatives shown by general formula (I) , 
for example, those obtained by the addition of quinonediazide 
sulfonic acid esters into cresol novolak resins and so on can be 
mentioned. However, as long as they are resists exhibiting good 
patterning characteristics with infrared rays, XeCl excimer laser 
light, or light called mid-ultraviolet light, any are acceptable. 
As specific examples of the positive resists like these, for 
example, TSMR-365 iB (trade name for a resist manufactured by 
Tokyo Ohka Kogyo Co., Ltd.), PR-1024 MB (trade name for a resist 
manufactured by Toray-McDermid) , Rl-7000 P (trade name for a 
resist manufactured by Hitachi Kasei Kogyo K.K.), MP-2400 (trade 
name for a resist manufactured by Shipuren Co.), AZ-2400 (trade 
name for a resist manufactured by Hoeschst Co.), AZ-5214 (trade 
name for a resist manufactured by Hoeschst Co.), etc., can be 
mentioned . 

The amount of blending of dibenzylidene acetone derivatives 
shown by general formula (I) is important. If it is too small, 
the halation-preventing effectiveness will disappear. If it is 
too large, the deterioration of the resist pattern shape, the 
formation of bridges, the formation of scum, and other 
undesirable phenomena will occur. Therefore, the amount of 
blending of the dibenzylidene acetone derivatives shown by the 



general formula (I) is O.l-io wt%, preferably 1-7 wt%, with 
respect to the solid content of the positive resist. 

For the dibenzylidene acetone derivatives shown by general 
formula (I) , one type alone may be blended in the positive 
resist, or multiple types may be blended together in the positive 
resist. Moreover, other dyes may also be blended together in the 
positive resist. 

Effects 

According to the constitution like this, properties of the 
positive resist for the absorption of infrared rays or mid- 
ultraviolet light will increase. Therefore, for the base for the 
formation of the resist pattern, the effects of halation will 
decrease even with a high-reflectivity material. 
Photolithography using infrared rays or mid-ultraviolet light is 
also applicable with respect to a base made of a high- 
reflectivity material. 

Application Examples 

An explanation will be given in the following for 
application examples of the positive photosensitive composition 
of the present invention. However, the numerical values, 
apparatus used, chemicals used and so on to be described in the 
following application examples are simply for exemplification. 
Therefore, it is to be understood that the present invention is 
not restricted to the numerical value, the apparatus used, or the 
chemicals used as to be described in the following. 



10 

Explanation of the measurement example for the absorption spectra 
of the substances shown by formula (I) 

Before the explanation of the application example of the 
photosensitive composition of this patent application, the 
absorption spectrum of dibenzylidene acetyl acetone (a commercial 
product manufactured by Aldrich) shown by formula (1) described 
previously as an example of the substances (substances as dyes) 
shown by general formula (I) to be blended on the positive resist 
was measured in the manner explained in the following. As a 
binder resin, hydrogenated China resin (manufactured by Arakawa 
Chemical Industries Co.) that was transparent to light at a 
wavelength of 200 nm or so, was used. 

First of all, 100 mg of the binder resin mentioned 
previously and 50 mg of dibenzylidene acetyl acetone mentioned 
previously were dissolved in 1 mL of xylene. This was filtered 
with a membrane filter having pores with a diameter of 0.2 p to 
prepare a coating solution. 

Next, this coating solution was coated on a quartz substrate 
by the rotary coating method (the rotational speed was 1,500 rpm) 
to form a film with a film thickness of 0.4 pa. The measurements 
of the film thickness were carried out with a Taristep 
[transliteration] (a film thickness meter manufactured by Rank 
Taylor-Hopson [transliteration]). 

Next, the ultraviolet absorption spectrum of this film was 
measured with an ultraviolet visible spectrophotometer U-3400 
(manufactured by Hitachi Mfg. Co., Ltd.). Figure 1 is a diagram 
showing the measured results with the wavelength X (nm) on the 
abscissa and the transmittance T (%) on the ordinate. It can be 



understood from Figure 1 that ^ of the substance (l) in the 
ultraviolet region was 326 nm and the transmittance at this time 
was 6.5%. Furthermore, the transmittance of infrared rays 
(wavelength 365 nm) was 37.3%, and the transmittance of the light 
with a wavelength (308 nm) equivalent to the XeCl laser light 
was 9.5%. 

Application examples of the photosensitive compositions 

Next, by using several specific substances of the substances 
shown in general formula (I) and several marketed positive 
resists, photosensitive compositions of application examples were 
prepared. The patterning experiment using these was carried out 
in the manner explained in the following. 

Application Ex am ple i 

A material obtained by the dissolution of 0.2 g of the 
substance shown by formula (4) mentioned previously in 10 mL of 
TSMR-365 iB (a material with a viscosity of 25 cP and a solids 
content of 4 g, manufactured by Tokyo Ohka Kogyo Co., Ltd.) as 
the positive resist was filtered with a membrane filter having 
pores with a diameter of 0.2 /im to prepare a photosensitive 
composition of Application Example 1. As the substance shown by 
formula (4) , the one synthesized by the Aldol condensation 
reaction already explained was used. On the other hand, as a 
high-reflectivity base (11) having a stage differential, as shown 
by the cross-sectional diagram and the planar diagram in Figure 2 
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(A) and (B) , a base (11) of 5 in (l inch is about 2.54 cm) 
provided with a silicon substance (13), a stage differential (15) 
formed on this substrate (13) and made of BPSG (Boro-Phospho 
Silicate Glass) with a pitch of 2 urn and a height of 6000 A and 
an aluminum film (17) formed on this stage differential (15) with 
a thickness of 6000 A was prepared beforehand. This stage 
differential (15) of the BPSG film was formed by the formation of 
the BPSG film on the silicon substrate (11 [sic]) by the CVD 
method, followed by patterning of this by the photolithographic 
method. Moreover, the aluminum film (17) was formed by the 
sputtering method. 

For this base (11), a dehydration treatment was carried out 
at a temperature of 200°C for 60 sec. Next, a primer treatment 
using hexamethyldisilazane vapor was carried out at a temperature 
of 25°C for 60 sec. Afterwards, on this base (11), the 
photosensitive composition of Application Example 1 was coated to 
a film thickness of 1.8 /in by the rotary coating method. 

Next, this sample was subjected to soft baking at a 
temperature of 90 °C for 60 sec. 

Next, for this sample, exposure was carried out while the 
amount of exposure was being changed via chrome masks having line 
and space patterns of a variety of dimensions with the line 
direction being in a direction perpendicular to the longitudinal 
direction of the stage differential (15) described previously 
(the direction shown by P in Figure 2 (B) ) , by using an infrared 
ray contracting projection exposure apparatus (RA-101VL II, 
number of apertures NA.0.42, manufactured by Hitachi Mfg. 
Co., Ltd.). 



After the exposed sample was baked at a temperature of lio°( 
for 60 sec, development was carried out by using a metal-free 
alkali developer solution (NMD-W (concentration 2.38%), 
manufactured by Tokyo Ohka Kogyo Co., Ltd.) by the Padle 
[transliteration] method for 60 sec. 

The resist pattern obtained after development was observed 
by microscope, and the dimensional measurement was carried out 
with a SEM length-measuring machine. It was formed with a good 
dimensional accuracy up to a resist pattern of line and space of 
0.5 Mm minimum. The difference (called the dimensional 
difference on and underneath the stage differential hereafter) 
between the dimension of the portion on the stage differential 
(on the stage differential (15) in Figure 2) of this resist 
pattern and the dimension of the portion underneath the stage 
differential (between the stage differential (15) in Figure 2) 
was as small as 0.02 /xm. 

Comparative Example 1 

The patterning experiment was carried out as Comparative 
Example 1 in entirely the same manner as in Application Example l 
except that the substance shown by the formula (4) was not 
blended. In the case of Comparative Example 1, it was formed 
with a good dimensional accuracy up to a resist pattern of 0.6 nm 
line and space. However, the resist pattern of 0.5 fim line and 
space was only partially resolved. Furthermore, the dimensional 
difference on and underneath the stage differential was 0.1 urn, 
which was larger than the case of Application Example 1. 
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Application Example 2 

A patterning experiment was carried out in essentially the 
same manner as in Application Example 1 except that 10 mL of a 
resist (one with a solid content of 3.5 g) called PR 1024 MB 
(manufactured by Toray-McDermid) was used as the positive resist, 
0.2 g of the substance shown by the formula (l) used in the 
measurement of the ultraviolet absorption spectrum was used as 
the substance shown by general formula (I), a 1:1 reflection 
exposing apparatus (600 HT, manufactured by Perkin Elmer, the 
number of apertures NA.0.12) was used as the exposing apparatus, 
a 1:1 master mask having a variety of line and space patterns was 
used as the mask, and a filter called UV-3 for the passage of 
mainly light with a wavelength of 280-320 nm was used as the 
filter installed in the exposing apparatus. As a result, it was 
found that a resist pattern of 1.2 nm line and space was resolved 
even on the base having the aluminum stage differential. In the 
case using a 1:1 reflection exposing apparatus and using a 
positive resist, the resolution of the minimum 2 nm line and 
space pattern is generally the threshold. If this is considered, 
it can be understood that the photosensitive composition of the 
present invention is excellent. 

The amount of blending of the dibenzylidene acetone 
derivatives shown by general formula (I) is important. As a 
result of a variety of experiments, it was found that the 
halation-preventing effectiveness will disappear if the amount is 
too small. If it is too large, the deterioration of the resist 
pattern shape, the formation of bridges, the formation of scum, 
and other undesirable phenomena will occur. It has been found 



that 0.1-10 wt%, preferably 1-7 vt%, with respect to the solid 
content of the positive resist is appropriate. 

Effects of the invention 

As shown by the explanation above, the photosensitive 
composition of the present invention is constituted by blending a 
dibenzylidene acetone derivative shown by general formula (I) as 
a dye for the absorption of infrared rays or mid-ultraviolet 
light in the positive photoresist. Therefore, the property of 
this positive photoresist for the absorption of infrared rays or 
mid-ultraviolet light is increased. Even if the base for the 
formation of the resist pattern is made of a material with a high 
reflectivity, the effect of halation is decreased and 
high-accuracy patterning is made possible. 

It is said that the resolution power can be easily improved 
if the exposing light used has a shorter wavelength in 
photolithography. Therefore, this photosensitive composition can 
contribute to the development of photolithography using infrared 
rays or mid-ultraviolet light. 

Brief explanation of the figures 

Figure 1 is a diagram showing the ultraviolet absorption 
spectrum for the explanation of the present invention. 

Figures 2 (A) and (B) are the diagrams for the explanation 
of the base used in the patterning experiment. Figure 2 (A) is 
its cross-sectional diagram, and Figure 2 (B) is its planar 
diagram. 



11. . .High-reflectivity base having a stage differential 
13 . . . Silicon substrate 

15... Stage differential of the BPSG film 
17 .Aluminum film 

100.0, 
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T 
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Figure 1. A diagram showing the ultraviolet absorption spectrum 
for the explanation of the present invention. 



Key: 1 Transmittance T (%) 
2 Wavelength X (nm) 
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Figure 2. A diagram for the explanation of the base used in the 
patterning experiment. 
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